Colonization of Outplanted Loblolly Pines by Native Ectomycorrhizal Fungi 
Note by F. H. Tainter and John D. Walstad 


ABSTRACT. We determined the time and rate of colonization of nonmycorrhizal loblolly 
pine roots by native ectomycorrhizal fungi during the first growing season following out- 
planting. The 1974 study conducted on upland and coastal plain pine sites in southwestern 
Arkansas and southeastern Oklahoma was expanded in 1975 to include additional upland 
and coastal plain pine sites, and an upland hardwood site. Root tips formed subsequently to 
outplanting generally became mycorrhizal as they grew into undisturbed soil around the 
planting hole. Seedlings that had been outplanted in cylindrical plastic tubes developed 
fewer mycorrhizae and did so much more slowly than did bareroot stock. In both studies 
there was a steady increase in mycorrhizal development until approximately 16-45 percent 
of total root tips were mycorrhizal by September-October, 5 months following outplanting. 
Forest Sci. 23:77-79. 


ADDITIONAL KEY WORD. Cenococcum graniforme. 


DROUGHTY CONDITIONS often hinder the establishment of pine seedlings in the southeast- 
ern United States. This situation is especially acute in Arkansas and Oklahoma. One of 
the factors being investigated to enhance survival and growth of pine seedlings involves 
manipulation of mycorrhizal fungi as the seedlings are produced in the nursery. Little is 
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known, however, of the ecology of naturally occurring mycorrhizal fungi in outplanted 
pine seedlings. The research reported here dealt with the rate of natural ectomycorrhizal 
development on pine seedlings outplanted on recently harvested and site prepared former 
pine and hardwood sites. 


Materials and Methods.—Nonmycorrhizal loblolly pine seedlings (Pinus taeda L.) were 
obtained by surface sterilizing stratified seeds in diluted sodium hypochlorite: water (1:3, 
v:v) solution and germinating on potato-dextrose agar plates. Contaminant-free seedlings 
were planted in cylindrical plastic tubes (2.5 cm X 16 cm with an 8 mm hole in bottom) 
containing a sterile peat moss: vermiculite:sand (1:1:1, v:v:v) mixture and held in the 
greenhouse until outplanting. 

Seven outplanting sites were chosen, including three upland sites representing the 
Ouachita Plateau in Saline and Garland counties, Arkansas, two coastal plain sites in 
Howard county, Arkansas, one coastal plain site near Eagletown, Oklahoma, and one 
upland site representing the Ozark Plateau near Chester, Arkansas. With exception of 
the latter site, all sites comprised areas that had been site prepared (either sheared, piled 
and burned, or crushed and burned) and adjacent areas not site prepared (harvested 
only). 

Coastal plain soils were shallow sandy loams to clays, 0-15 cm in depth, over sandy B 
horizons. Upland soils were shallow clay loams, 0-25 cm in depth, over heavier clay B 
horizons, and generally with high gravel contents. All sites which had been site prepared 
had no apparent O, layer and extremely disturbed A horizons. All locations had been 
harvested within the year previous to outplanting. None of the areas had been fertilized. 

With exception of the Chester site, previous stands were composed of loblolly pine, 
shortleaf pine (Pinus echinata L.), and mixed hardwood species, with oaks (Quercus 
spp.) predominating. The Chester site was formerly in hardwoods only, with post oak 
(Quercus stellata Wangenh.) and hickory (Carya spp.) predominating. 

Seedlings were planted 50 per plot in a 0.6 X 0.6 m spacing in drilled holes with 4 
replicate plots per treatment per site. Planting was done in April-May 1974 and 1975. 
Either 5 (1974) or 10 (1975) seedlings were lifted monthly from each plot during the 
growing season. Adhering soil particles were removed from roots by gently washing in 
tap water. All root tips, of both long and short roots, were visually examined with a 10x 
lens to determine presence of mycorrhizal structures. A root tip was considered to be 
mycorrhizal if obvious mycorrhizal structures were present, if it was bifurcate, and/or if 
root hairs were absent. 

In 1974, seedlings were outplanted in the plastic tubes to minimize root damage and 
facilitate estimation of the establishment of mycorrhizal fungi on the roots emerging from 
the hole in the bottom and growth upward into the tube. In 1975, only bareroot seedlings 
were outplanted. 


Results.—Survival was 98—100 percent for all sites and both years except that some injury 
from grazing cattle occurred at the Eagletown site. 


The 1974 Test. As newly forming roots grew downward through the hole in the bottom 
of the tube and into undisturbed soil, they generally developed mycorrhizal structures. 
By May-June, only 0.5 percent of total root tips had become mycorrhizal, but this 
increased to approximately 5-16 percent by September—October, depending on the site 
and treatment. 

The percentage of root tips which were mycorrhizal at any particular time was nearly 
equal regardless of location or the type of site preparation it received, or the total number 
of root tips which a seedling possessed. 

At the end of the season, the average seedling contained from 800 to 1400 total root 
tips, depending upon the site. 


The 1975 Test. The rate and magnitude of mycorrhizal development at all sites in 
1975 was much greater than in 1974. Although absence of the plastic tube apparently 
allowed for a larger effective contact area between the roots and natural mycorrhizal 
inoculum in the soil, the average number of root tips per seedling was much less. In the 
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coastal plain sites, the average had 200 root tips by September; in the upland sites and at 
Chester, 400 root tips were the average in September. 

The coastal plain sites showed fairly rapid mycorrhizal development to 20 percent 
through July-August, after which the trend leveled off. Upland sites showed a similar 
rise but the rate of mycorrhizal development continued to rise through September, 
resulting in 45 percent colonization. Seedlings from upland sites were more vigorous and 
had larger root systems than those from the coastal plain. 

Seedlings at the upland site near Chester lagged in the rate of mycorrhizal development. 
By July the proportion of mycorrhizal root tips had increased to only 5 percent, but this 
Tose to nearly 20 percent in August and more than 30 percent in September. Although 
pine had never grown there, the seedlings grew well and most produced several growth 
flushes by September. 

Although a variety of mycorrhizal structures and colors were evident on seedlings from 
all sites, only Cenococcum graniforme Sow. Ferd. and Winge (Trappe 1964) was identi- 
fied and found to comprise about 20 percent of the mycorrhizae at the Chester site. 

Control seedlings concurrently maintained in the greenhouse developed no visible 
mycorrhizae. 


Discussion —Loblolly and shortleaf pine were major overstory components of stands in 
all except the Chester site, so inoculum of compatible mycorrhizal fungi should have been 
abundant. The rates of mycorrhizal formation which we measured on bareroot seedlings 
probably nearly represent normal colonization rates for loblolly pine in this geographic 
region. 

Even though fewer root tips formed on the 1975 bareroot seedlings, the lack of the 
plastic barrier undoubtedly allowed a more complete mycorrhizal development, which 
created a more effective root system. Weights of mycorrhizal root tips would have been 
substantially greater in these seedlings as compared to those outplanted in plastic tubes. 
The plastic container appears to present a physical barrier to mycorrhizal infection. Al- 
though pine seedlings are not normally outplanted along with this type of plastic con- 
tainer, other container materials which are similarly impervious or do not degrade 
quickly enough during the first year could be detrimental to first year survival of the 
seedling. 

At the Chester site, the nearest shortleaf pine is located at least 24 km from the study 
area, and the natural range of loblolly pine is approximately 160 km to the south. Yet, 
the loblolly pine seedlings in this area readily developed mycorrhizae. This suggests that 
the lack of a mycorrhizal component is not limiting the natural distribution of this species 
in northern Arkansas and supports the observation by Meyer (1973) that a given tree 
species can form mycorrhizae with a series of fungi, so that tree and fungal species may 
be interchangeable (Trappe 1962). 
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